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(54) awl©**] ^ss^s^tttcflinfc^^^-^ vmv-)vmst<Dmt^m 



(57) 

[JBSt^gt] C : 0. 1 5-0. 4%fc. s 

i : 0. 1—0. 2%LMn:0. 15 — 1. 1% 
P : 0. 0 3 5%aTt. S : 0. 0 3 5%HT 
Cr:0. 0 5 — 0. 4 5 Nb:0. 005 
— 0. 1 5%fc. Mo : 0. 0 5 — 0. 8 5%t^M 

U Mn%/Si%^5. 5*»fcU aass& s siwwfc: 

T\ h'7*-XfflWHV2 3 0-3 2 0?ft4i 



m 



1.3 



4.5 
4 

3.5 
3 

2.5 
2 

1.5 



0.5 
0 



150 200 



X 



J_ 



J_ 



250 300 1 350 
230 320 



(2) 

1 

[if*Jii] mm%z\ C : 0. 1 5-0. 4%b. 

Si : 0. 1—0. 2%L Mn: 0. 15—1. 1% 

b , P : 0 . 0 3 5%£XFb , S : 0 . 0 3 5%1XF 
fc, Cr:0. 05 — 0. 45%t, Nb:0. 005 
— 0. 15%}:. Mo: 0. 0 5 — 0. 8 5 
Ls Mn%/Si%^5. 5 fcjftfcU »»#3I«W£ 
F e aiPFsnBW^*6**»6 =3r& /Hit!* -5 *C . 

7|jT\ b*«y#— X5Ug;t>*HV 2 3 0 — 3 2 OT&S i £ 

[|f^l!2] »hU. ll%T'§6t, Ni : 

o . l-i %£-ir^rf s ; t 5 , ifScif l iz 

im^mm^m^mzmtifz^ -ta ymv—jv. 

o. oi-o. 2%t*^N-«ik*1$afc^4. fflt 

ii i * fc« 2 tiettwjiMws^twiJt^ tm 

hlflL<— /K 20 

mmn.4] m^minm3<D^-mtHzim<^m^ 

£*T$-£iH£. J±ffitt±?flJS^S 0 0- 1 0 0 0°Cb% 
. ffi^r— 5 °C/^(7)^S)ajffiT- 3 0 0 "C^T* Xiv 

■a 1-4 hMis~)vcowmam» 

[000 1] 30 
[00 02] 

Slzm^t^titimS.^8 0 0MPaIWV7^f Mi 



ItHW 1 1-92866 

2 

& § ER3£& V J±/ *— 5 -f h M jMrfO^WS 
[0003] 

/MctSWHi, mm^2 - 2 8 2 4 4 8-f-^fgt^§ 

[0004] *?ttycr>Um±. c\cr>£ o ftftMcQflSmiz 
[0005] 

aMWiJtftfc, *«agj±JaTt jjrT^SSfflv^ v ^ 

( 1 ) ^m^V— ;K4, C : 0 . 15 — 

0. 4%t. Si : 0. 1 — 0. 2%t Mn:0. 1 
5-1. P : 0. 0 3 5%iilTi:. S : 0. 0 

3 5%l?XTt. Cr:0.0 5 — 0. 45%t, Nb : 
0. 005 — 0. 15%t s Mo:0. 05 — 0. 85 
%tmt, Mn%/Si%S5. 5Sr?ifct.Sg|5 

%m S 7>^T' , b' >y 77 -^«fl&&* HV230-320T- 

fc&ztwmt-?&, mm^m^mzmtLtz^ -r 

A \>mv-)VXfoh« 

[0006] ( 2 ) -Xmmv—flAL Mf&ftb LX . 
ll%T'$^t, Ni : 0. l-l%£-grfr-f£,ri:£ 
±15 ( 1 ) tiBtt^JI«f»««^ttt«fi. 
fz^Ai-A hMV->l>XfoZ>« 

[00 07] (3) *W%CT>V-M±^ Mf&ttbLX, 

nm%x$t>i,z^ v: o. oi—o. 

b ^fflit^ ±IE ( 1 ) 4fc« ( 2 ) tcfEt^iti 

[0008] ( 4 ) *3emi3m±* ±ia ( i ) 

iai^'8oo-i oo o°cbtc&kot l z»mw,wth-T. 
mb, mmm&ztLtzMtfz u i-a h^mmm^± 
<zmxfr$>. m%-^5x:y^cr > <%mmm.x3 o o°cmT 
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[00 09] 

[ooio] nmmm^mm. Htwsfc&^^sHto 



5 -y hi#Jg;^£>&?&\ ;cD^77'yya^'7 h»Bf, 

flSftKOJBMilft, S^-«f<^W^Mt;i SS-ftflJ^H^ffi 

2 OOT^ffilSilNo . la- 1—9, lb- 1—9, 
lc-1-9, 1 d- 1— 9<7)ffi^ttt:i5j;{rrs i , 
C r , Mo, Mn/Si O^WfA^WM^: Ztl^tlM 3 

— 6tc7Kf\ 

[0011] 

[?si ] 





it n 








No. 


C 


S i 


Mn 


C r 


N i 


Mo 


Nb 


V 


In/Si 


lal 


0.28 


0. 09 


0. 25 


0. 44 


0 


0. 84 


0. 12 


0 




la-2 


0.26 


0.1 


1. 09 


0. 05 


0. 12 


0.25 


0. 06 


0. 01 




la-3 


0.31 


0. 13 


0. 85 


0. 34 


0. 24 


0.06 


0, 009 


0. 19 




la-4 


0.38 


0. 17 


0. 34 


0. 41 


0. 25 


0.76 


0.1 


0, 11 




la-5 


0.29 


0. 19 


0. 91 


0.29 


0 


0.69 


0, 06 


0. 06 




la-6 


0. 19 


0. 21 


0. 64 


0. 23 


0. 13 


0.58 


0. 07 


0. 03 




la-7 


0.29 


0. 34 


0. 45 


0. 38 


0. 34 


0.09 


0. 05 


0. 08 




la-8 


0.39 


0. 49 


I. 03 


0, 12 


0 


0. 13 


0. 006 


0. 07 




la-9 


0. 15 


0. 68 


0. 54 


0.29 


0. 98 


0. 37 


0. 14 


0 




lb-1 


0.39 


0. 13 


0. 54 


0.04 


0 


0.76 


0.05 


0. 05 




lb-2 


0.16 


0. 19 


1. 08 


0.06 


0 


0.25 


0. 01 


0. 13 




lb-3 


0.28 


0. 17 


0. 75 


0. 13 


0. 14 


0.46 


0. 05 


0 




lb-4 


0.34 


0. 13 


0. 16 


Q, 31 


0, 54 


0. 61 


a 008 


0. 19 






0.19 


0.11 


0. 97 


0. 44 


0 


0.11 


0. 07 


0. 01 




lb-6 


0. 22 


0. 18 


0. 24 


0. 48 


0. 38 


0. 32 


0.05 


0 




lb-7 


0. 27 


0. 15 


0. 17 


0. 52 


0. 91 


0. 18 


0. 14 


0. 08 




lb-8 


0. 38 


0. 16 


0. 31 


0. 68 


0. 21 


0.35 


0. 05 


0. 09 




lb-9 


0. 27 


0. 12 


0. 49 


0.81 


0 


0. 84 


0. 11 


0. 02 




lc-1 


0. 37 


0. 12 


1 09 


0. 05 


0. 35 


0.04 


0. 06 


0 




lc-2 


0. 29 


0. 19 


0. 15 


0,45 


0. 21 


0.05 


a 03 


0. 05 




lc-3 


0. 18 


0. 13 


0. 94 


0.12 


0 


0. 13 


0.07 


0 




lc-4 


0. 24 


0. 15 


0. 24 


0. 38 


0 


0. 46 


0. 09 


0. 05 




lc-5 


0. 15 


0. 18 


0. 82 


0. 25 


0 


0. 72 


0.01 


0. 05 




lc-6 


0. 39 


0. 11 


0. 37 


0.06 


0. 15 


0.85 


0. 009 


0. 02 




lc-7 


Q. 33 


0. 17 


0. 71 


0. 43 


0. 13 


0. 91 


0. 05 


0. 01 




lc 8 


0. 29 


0. 14 


0. 48 


0.18 


0. 21 


1. 12 


0.005 


0. 03 




lc-9 


0. 26 


0. 16 


0. 61 


0.31 


0. 18 


L 57 


0. 11 


0, 05 




ld-1 


0. 24 


0.13 


0. 49 


0. 08 


0. 35 


0.84 


0 06 


0 


3. 77 


ld-2 


0. 19 


0. 14 


0. 62 


0. 44 


0. 21 


0. 06 


0.1 


0. 04 


4.43 


ld-3 


0. 33 


0. 18 


0. 81 


0,31 


0 


0,61 


0.07 


0 


4.50 


ld-4 


0. 31 


0. 16 


0. 77 


0, 28 


0 


0. 17 


0.09 


0. 07 


4.81 


ld-5 


0. 24 


0. 17 


0. 85 


0, 16 


0 


0.49 


0,009 


0, 16 


5.00 


ld-6 


0. 27 


0. 18 


0. 98 


0,09 


0. 15 


0,28 


0. 08 


0. 03 


5. 44 


ld-7 


0. 29 


0. 19 


1. 06 


0. 41 


0. 13 


0. 33 


0. 007 


0. 18 


5.58 


ld-8 


0. 37 


0. 17 


1. 01 


0. 31 


0. 21 


0. 27 


0.06 


0. 02 


5.94 


ld-9 


0. 15 


0. 16 


1. 51 


0. 25 


0. 18 


0. 09 


0. 14 


0 


9.44 



[0 0 1 2] 03 — 6comWi, 4 0 tcoAWZH^X 

w-cowl <o m&mmmi tx a o s z com < r a > 

%^MZb*tg&mfijm^Zbt:jf;LX^& . 03-6^*50 



£otZ^ SiM. 2%. Cri>'0. 45 
%, Mo£iO. 8 5%. Mn/Si #5. 5 iMttzi 

[0013] Si, c rl±WtfkL J &tU7im~C$>&t: 



(4 ) 
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6 



5^,1 tVi.i Mn/S i i±, 
M n , Si, F e O^gHt^M jft#M n/Sit 

*vhfc*SVvtlfe£§*Ul^. lot, StettOftS** 
4>SiiiO. 2%tTF. CrliO. 4 5%£(T, Moli 
0. 8 5%lXr\ £*:Mn/SiJ45. SlTr/lTSi 

[0014] 07 izmm ^>tsf#ttfcxert«s ( h 

4h flESfcijr*-. H7*»<?>aj!rc&*J:afc, Si, C* 



10 



:r, Mo, Mn/S i C0#^^*f|BJc7)ff^H&P^ 

0 , UKHV3 2 0 £jB*fc^teti*S9«tt*5%jaT 
fc3r>/ Hffl±raHA**t&. 

[0015] tfzS i , Cr, Mo, Mn/S i cJOWf 
ixj&^^^HHoif $ttBB£ftft: £ &v „ H V 2 3 
0-320 COmT h S^tttcRWI* 1 * S. lot, t* 
SrStettfcHfiWifcibfcliS i (i0 . 2%J2lT\ C r 
tiO. 45%£IT, MoliO. 85%J2TF\ 4ftMn/ 
Si (i5. 5J2JIT, §<9fcHV3 2 0Ja,Ttr*ftifc3& 1 

[0016] 

[iS2] 



n 


< 




* fi 


% £ 








No. 


C 


S i 


Mn 


Cr 


N i 


Mo 


Nb 


V 


Bn/Si 


HV 


1 


0. 28 


0. 19 


0.85 


0.43 


0.1 


0.55 


0.05 


0. 05 


4. 47 


234 


2 


0. 40 


0. 12 


0.45 


0.31 


0. 19 


0. 43 


Q. 15 


0. 19 


3. 75 


239 


3 


0. 37 


0. 17 


0.91 


0.42 


0,6 


0,31 


0.09 


0. 05 


5. 35 


242 


4 


0.31 


0. 16 


0.84 


0. 38 


0.2 


0.49 


0. 08 


0. 09 


5. 25 


244 




0. 33 


0. 18 


0.85 


0.41 


0 


a 28 


0.08 


0. 19 


4.72 


245 


6 


0. 22 


0. 16 


0.76 


0. 16 


0 


0.79 


0. 09 


0. 17 


4.75 


249 


7 


0. 19 


0. 18 


0.84 


0.17 


0 


0, 81 


0. 15 


0. 09 


4,67 


254 


3 


0. 39 


0. 14 


0.S5 


0. 44 


0.8 


0.34 


0. 14 


0. 19 


4.64 


267 


9 


0. 37 


3.11 


0.45 


0.37 


0 


0.79 


0. 08 


0. 17 


4. 09 


280 


10 


0. 38 


0. 13 


0.48 


0. 44 


0 


0.85 


0. 13 


0.07 


3. 69 


299 


11 


0.31 


0.19 


a. 84 


0. 19 


0 


0.79 


0. 14 


0. 17 


4. 42 


320 


12 


0. 33 


0. 18 


0.75 


0.34 


0 


0,76 


0. 12 


0. 18 


4.17 


323 


13 


0. 38 


0. 16 


ass 


0. 44 


0.S 


0.55 


0. 11 


0. 19 


5.50 


336 


14 


0. 33 


0. 18 


0. 76 


0. 39 


0 


0.84 


0. 14 


0. 19 


4. 22 


357 



[0017] ELhojH&tafr^s . *&ymi±. McDS 

i, Cr, MoMMn/S i»k, f&HJBffitfctt-S. 

&mft±M&Rva&<n<%Bws.z~5mmfti l zMm 
LTs v-ivtmco&mmmit^i-j hku sop 

[ooi8] i-^hh. *mmt* mm., ikmmm 

tz V—Afflg&fr>S&G. £ fe&co' 5 A b )VM 

hnmh Ltzix-mixtzmmwmmmm^^h 

[0019] W.Tt,z*?ffilcr>f&ftm\m&. ffcfrPSSS 

«0|»©B*fc:ov^TSiW-4 . ( 1 ) j&JMlJfteffl 
C : 0 . 1 5 — 0 . 4% 

amrn* mm- & tz^cn^mmx-h o , o . 15% 



30 0.1 5 — 0 . 4%-C£>£, 

[0020] Si : 0. 1—0. 2% 
S i ttjKRfflk LTW3&3r*f(tT&< s H»LT5ME* 
±#S^7U*-C35S^\ 0. l %*^li*<93»Sj&« 
Bft£>*u5r^. -7/ S iw^&Wi^lHffcwlS^J 

^M^Ste-fcfflW-*-* i k (c i 0 . 
MoT, *c<7)^m±0 . 1-0. 2%T"fc-S. 
[0021]Mn:0. 15—1. 1% 

i k i o , )y~)v<nmmmz^-thjtmxhh , 

L^L. 0. 1 5 < . 1. 1 

%%M£&tM<0$.7 , aSVft,zJ:&^}iSryy-J bfflM 

*tkt%< . mmmRvmmmzmit*Mfct:>kttt 

tiO. 15 — 1. l%T"S)^o 
P : 0. 0 3 5%liiT 

pimm:^\:-ts>zk^^. o. 03 5%arx-$> 

50 [0022] S : 0. 0 3 5%J^IT 



(5) 

7 

Slt^Zit&m^ffiMXm^Zff&t&ifi, 0. 035 

0 3 5%-Cfo&. 

[0 0 2 3] Cr : 0. 05—0. 45% 
C r h^«S:fMJt-r^7C*T'fc 0 . *f£BJiM 

0. 0 5%5fcSrCid3!3!HE3tS9mA 1 ^ 

3r„ o. 4 5%*iHiftfcv;^f yif>f h^^BJct-^-r 10 

^mm-r^wmt^t. i->t, -eo-^i^o. o 

5 — 0 . 4 5%T&S. 
Mo : 0 . 0 5 — 0 . 8 5% 

5ot*"C*4. 0. 0 5%*}ST1i^fJ£itS6*^'i£ 

Sr, o. &5%*Mz-%>t~?)Vr>y-4 hit s £&L J W 20 

■fe -y h B§<7)f#-^H (cfc £ §t£®04u£ $■ B&W-T £ 
t^r^o iot, -t<r>^m±0. 0 5 — 0. 8 5%T" 

[0024] Nb : 0. 00 5 — 0. 1 5% 

d co^ati: NbT*o. 005 ^sf^tfDaanrrtspsa&Ta 30 

faLTL4-3„ ^oT. ^O-^**(i0. 00 5 — 0. 

1 5%f*S 0 

[00 2 5] Mn/S iS5. 5 
4^fi|CMn/Si*«5. 5lixSt«^iKffl^ 
£5. 5T*£. 40 

[0026] ^mxu^iicomnajmcoii^z, mtf 

comm. HJW§tt*SW>&fc«>tN i , VS-£*LTfc 
N i : 0 . 1 — 1 % 



1 1-92866 

8 

iw^arc**^ o. i%*iitT{±-?-o5*s^!i^fe 

Lsfc3„ ffi^T, -e<7)#**ii0. 1 — 1 
[0027] V: 0. 01—0. 2% 
Vli, Nb fcHattcM+«9CfctStW^vt£E^£*rai 

u-^mm^m^Tmmmmzi. <om 

rctb\,z-%mT°foh> fzfzt. zwmmzo. oi%*i 
<o|gjirci±*3Hr?r(i ! flr<, *fco. 2%£«;i. , caaiiiL 

0. 0 1 — 0. 2%"C*4. 
[0028] ( 2 ) ^JRIlfS 
U—;WB»ji^-f -^>f HfflUt* **. ^f-^-f Mian* 

#trt"i t 4 i fc , 4 £0 2 fcjjr$-.k 3 fc* 

*6a#£ < »»««Hi*fc^«6^ft * i t & . #f§ffl 

[00 29] (3) «m (iffiltt) 

H 1 ;Ufflai<?5fflja» 1 , ^- 

-mc7)fiB^V>Ti>f 7*-^i§^HV2 3 0 — 3 
2 0t*^„ 

[0030] W§»tov^TliHSRKt4i»t&*P6»-C 

Wcmigtt ( 5gJS i: S^MMit^Mf^ ) £ fWffi-TI> c\ 
[003 1 ] m&&&W8&&foWStW$l < H V ) CO 

T, 1 2 5 0°CtcjDftL. ^WMiOSM. M&ktt&m 
%.*f& 9 2 0°CT'B££*?TfJL m§VtzMfrt>?M£3 

omm. s smmcmw^mmiAmfrimM l , mm 

1130kg, -tK^m- 1 0%, ffl&ftMLcO&fr-? 

mmmz n v \ 5 0 ^nnE&oM3§)ift£it£ tfc . 

SfI^-;l/«SS(iH V 2 8 0 SST'S>-& . 
[0032] 
[|S3] 



(6) 

m. 3 



ftffi¥ 11-92866 



1 0 



SB 




it * ^ » 




£££ 

we- 


Nn 


c 




M n 


C r 


N i 


M o 


Nb 


y 


ll V 


1 


0. 25 


0.1 


0. 45 


0. 29 


0.2 


0. 81 


0.05 


0. 01 


171 


2 


0. 34 


0. 12 


0. 64 


0. 34 


0.13 


0. 49 


0,13 


0. 08 


227 


3 


0. 39 


0. 18 


0.99 


0. 39 


0 


0. 37 


0.005 


0 


232 


4 


0. 29 


0.14 


0.76 


0. 44 


0.3 


0. 64 


0.07 


0. 04 


243 


5 


0. 38 


0.17 


0. 91 


0.29 


0.2 


0.59 


0.01 


0. 08 


268 


6 


0.4 


0. 13 


0. 71 


0.37 


0.4 


0.64 


0. 05 


0. 12 


284 


7 


0.31 


0. 19 


L 04 


0.43 


0 


0.77 


0. 04 


0. 05 


319 


8 


0. 39 


0.11 


0. 57 


0.41 


0 


0.75 


0. 15 


0. 18 


330 


9 


0.37 


0. 15 


0.75 


0. 45 


0 


0.85 


an 


0. 19 


370 



[ 0 0 3 3 ] H8 *>^3HJWTS & J: o t. WKfctJ 

mi i . 3 mxhwgm-cfo h.^-rjvmz&wx. 
m$n±mzm^m%maj£ii{&T~t&ti s . hv3 2 o 
4 t=5t h nwmmmmt 1 . 3 ma^^m & ^tti . 

5S§0±PISrHV3 2 Olzm&Lfc. tfz^ HV2 3 0 

< U— ;P^a^ffirtJt^TJ»«t i &5«WMirtiqi L < 20 
M < & 0 £ffl_tlflttW£ t5 . ffi£oT5S!£ ^TPSffiti H 
V2 3 OfcRjeUfc. 

[0 0 34] SlUSBs St»3— *— atfcoWTs 

*3EftS-frT!ffl*KSt* ^ >- b n-;Ht /I* 
-e<7)fflSrHV2 3 0—3 2 0 h LJt. 3rfc. d<7*%— & 30 

(^wMco^m^m zm-tzt izz d# 

coo3 5] ioi a frmtz^rth v-Mt, mt^> 
«jasrifefc i o asji-r s ; t & . 

(4) I— /PRflLDg 40 

( wmam > ±12 wysiHBjatfc^r*-* . j±3£-r±± 

81^8 0 0-1 0 0 0'Ci:**J:'3fc:jJftBIEESEL. & 

[0036] a . £B£ft±iB& : 800-1000°C 
£BSEffc±ilfti&«8 0 0*C5fe»JaTTti7i9>f hSSB* 1 

asfetrtaw ata&wsT-*-*. i±Mtt±&JS 

£10 0 oxaa^t-s t , SSHKSEtttfy'W MI 
x . S3Ett±jas»i8 00—100 ortiiS. * 50 



= [0037] b . #Sig[& : S^-5°C/^ 

l*»u 5 °c/f pitn z. %> >vt- y 
[0038] ixnz^minmnMzmf. ^mm® 

mLx^&, 

[0039] 

I: No. 2 — 4. &MM ■ No . 1, 5, 6)^12 
5 O'CfcHlBRL. 9 2 0X;TfflE*iftT». Jk?&Lfc« 

ttWitMlfcffofc. *PaMfcfcOV^Ti±s Wi3 0m 

13 0kg. atflHRHtt^fefr-Cttlfe*^^. 5 0770 
V2 7 50^-5-( haHKOV— ;WB^)«^jS*i:<?5Jt 

[ 0 0 4 0 ] * 5 iz^-T =fc a fc, *«HHJ: HC Sfttffi 
^JttMHN o . 1 to^tll ®JK*iHV2 2 1 fc*» 
BJ50TRS«*i#T'<fc 0 . l*^M»itt 3 . 2 1 1 «< ^ 

o . 5, 6 fcroi vr (i 5 ? nffi^^V ^-7^ Ml^S 
[004 1 ] i^it^L. B£4h& t 3|cf|BH»«H*iPK:-r 

*^i3No. 2, 3, 4««ie. **e*»jt«ov^"f*i 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To produce a bainitic 
steel rail having excellent rolling fatigue damage 
resistance as well as having joinability, at the 
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time of rail welding, e.g. by flash butt welding 
or gas pressure welding, equal to that of the 
conventional pearlitic rail steel, and its 
production . 

SOLUTION: The rail steel has a composition 
consisting of, by weight, 0.15-0.4% C, 0.1-0.2% 

Si, 0.15-1.1% Mn, <0.035% P, <0.035% S, 0.05-0.45% 
Cr, 0.005-0.15% Nb, 0.05-0.85% Mo, and the balance 
essentially Fe with inevitable impurities and 

satisfying Mn%/Si%<5.5. In this case, a railhead 
has a bainitic structure, and both a railhead and 
railhead corners can be provided with uniform 
hardness distribution, and Vickers hardness is 
regulated to HV230 to 320. 
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